The AHL theory considers the connections between hopping sites to be conductances.
The conductance between two sites with energy i  and Here we have assumed for simplicity the Miller-Abrahams form of detailed balance; 2 uphill hops are thermally activated, while downhill hops are independent of the site energies. We have assumed that all carriers are sufficiently localized and/or temperature is sufficiently high that variable range hopping beyond nearest neighbor sites is negligible compared to nearest-neighbor hopping. We have defined  . The factor max g is the maximum possible conductance between two sites.
Two sites will be connected with conductance max g if both site energies are at the Fermi level. Notice that in the limit of small kT , equation (S1) in the present work reduces to 2 equation 3.7 from AHL except for the dimensions of the prefactor, which is max g for conductance here and 0  for hopping rate in AHL 3.7. The spatial dependence in AHL equation 3.7 does not occur in our equation (S1) because we only consider nearestneighbor hopping. Finally, we note that the expression for non-equilibrium conductance between sites in AHL (equation 4.4) is proportional to the hopping rate in AHL 3.7; therefore, our equation (S1) agrees with the conductance expression in AHL.
Continuing toward the calculation of sample conductivity, let us introduce dimensionless energies x and y :  is normalized with respect to the volume such that when integrating over all energies, the result is 1. In our implementation, we chose to model the DOS as a single Gaussian. Although this choice of DOS function is simpler than that expected in doped semiconductors, 3 we chose to use a Gaussian because it only introduces two free parameters to the model, and it is justified in materials with electronic coupling between charge carriers and randomly aligned -or partially correlated -dipoles. 4 Therefore, the volume-normalized DOS for our model is
where   is the width of the DOS, E is the energy of an electron in the DOS, and 0 E is the energy of the center of the DOS peak with respect to Ag/AgCl.
To solve for sample conductivity, we input material parameters , 0 We can understand the conductance min g as being the maximum resistance along the minimum resistance path through our network. Therefore, according to the arguments from AHL about percolation transport, min g will characterize the macroscopic conductivity of the sample. The sample conductivity will be proportional to min g where the proportionality constant is determined by sample geometry. 1 In agreement with previous work, we implement this conductivity model for OECTs by assuming that the Fermi-level of electrons in the semiconductor is given by
, where  is the Fermi-level in the film with respect to Ag/AgCl, q is the elementary charge, and G V is the gate voltage. 5, 6 Therefore, changing the gate voltage shifts the Fermi-level of the semiconductor in the OECT channel. In OECTs, Fermi-level shifts are manifested by the introduction or removal of ionic dopants. In p-type depletion-mode OECTs, positive gate voltages force cations into the semiconductor channel where they compensate native dopants and cause a decrease in conductivity. In p-type accumulation-mode OECTs, negative gate voltages force anions into the semiconductor channel where they provide a counter charge for holes on the polymer backbone, thus causing an increase in conductivity. The model presented here takes into account the effect these dopants have on the Fermi-level (and thus carrier concentration) in the semiconductor channel. However, this model neglects secondary effects of the dopants, such as coulombic and steric interactions between charge carriers and dopants. These secondary effects can often be accounted for by assuming an appropriately modified DOS. II. Contact resistance measurements.
To calculate the contact resistance in our transistors, we start by finding how much voltage is dropped at the source contact. The source voltage is calculated by extrapolating the voltage profile between the two probes closest to the source, according to equation (S7) below. The contact resistance at the source electrode is the difference between the applied and actual source voltages divided by the channel current. The uncertainty in the extrapolated source voltage is given by Figure S2 , we assume that each voltage probe enforces an equipotential region across its width. Therefore, the voltage profile is horizontal on top of each voltage probe.
The contact resistance can be calculated at the drain contact in the same manner; however, it is not possible to separate the effects of channel depletion and actual contact resistance. Therefore, our method of calculating contact resistance will overestimate the contact resistance because of the curvature of the voltage profile with respect to position in the channel. This effect will be more pronounced at the drain electrode than at the source electrode (because the curvature is stronger at the drain) and will be more pronounced at higher drain voltages. Figure S4 shows the estimated contact resistance at the drain electrode. According to the explanation above, the contact resistances shown in Figure S4 are conservative upper bounds on the actual contact resistances.
V source < 0 V Drain = -100 mV V Gate = 0 V Figure S4 . Normalized contact resistance at the drain electrode for (a) a PEDOT:PSSbased OECT and (b) a p(g2T-TT)-based OECT. Note that these curves are known to be overestimates of the contact resistance at the drain electrode.
III. Transmission Line Method Measurements:
We also characterized contact resistance using the transmission line method. We fabricated PEDOT:PSS-based OECTs with different channel lengths and widths. We then measured the output characteristics of these devices. ). To find contact resistance, we plotted total channel resistance as a function of channel length, width, and thickness in a manner similar to the modified transmission line method of Xu et al. 8 Fitting these curves to a straight line yields the channel resistivity (y-intercept) and the contact resistance (slope). The results are plotted in Figure S5a and the best fit was obtained with a contact resistance of 64  and a channel conductivity of 380 S/cm. Therefore, we expect that contact resistance contributes negligibly to the total resistance of the OECT with a channel width of 10 m, a channel length of 250 m, and a total resistance of more than 4500 . Even though this device has negligible contact resistance (<2% of total resistance), the transconductance clearly still has a non-monotonic dependence on gate voltage ( Figure S5b) . Figure S5 . (a) Transmission line method measurements. The solid line is the best linear fit to the data. The two data points enclosed in a circle were excluded from the fit. (b). Transfer and transconductance curves for the transistor with W=10 m and L=250 m at VD = -0.4 V. All measurements used 2-wire local sensing on the channel, not 4-wire Kelvin measurements.
III. Experimental details:
Fabrication: OECTs were fabricated on glass substrates as previously reported. 9 Briefly, Cr/Au was photolithographically defined via a liftoff process, followed by deposition of 2 layers of parylene C (PaC) separated by micro-90 antiadhesive (2% in water). The openings of the OECT channels were defined photolithographically using a thick photoresist (AZ9260), and etched before spinning of the active OECT polymer channel material. A subset of devices, including those prepared with voltage probes for 4-wire measurements, were prepared in a similar method, however, employed a 2 m layer of silicon oxynitride as the insulation layer, and used a MoCr hard etch mask rather than a thick photoresist. In this case, after metal deposition and patterning, silicon oxynitritrde was deposited, and photolithographically patterned to open the channel region. Micro-90 was spun on as above, and the sacrificial layer of PaC was deposited. MoCr was deposited and patterned photolithographically before oxygen plasma to etch the sacrificial PaC opening. After etching, the semiconductor was spun-cast onto the sample. For PEDOT:PSS, the semiconductor solution was 94 wt% Clevios PH-1000, 5 wt% ethylene glycol, 1 wt% 3-glycidoxypropyltrimethoxysilane, and 0.1 wt% dodecylbenzenesulfonic acid. The PEDOT:PSS solution was spun at 3000 rpm, 1500 rpm/s, and 60 s. It was then baked for 70 s at 110 C. After this initial bake step, the second layer of PaC was peeled off of the sample, patterning the PEDOT:PSS channels according to the process in DeFranco et al. 10 After peel-off, the sample was baked for 70 minutes at 140 C and then soaked in deionized water for 13 hours. The p(g2T-TT) solution was 0.12 wt% of p(g2T-TT) dissolved in chloroform. It was spun at 1500 rpm,This resulted in an ~ 100 nm thick semiconductor layer for PEDOT:PSS and an ~ 85 nm layer for p(g2T-TT).
Characterization: The PEDOT:PSS-based OECT output and transfer curves (Figures 1c,  2c , and 3a) were made using a Keithley 2612A source meter unit. 4-wire measurements were performed in 4-wire sense mode for channel B and 2-wire sense mode for channel A. The force-hi terminal of channel B was connected to the drain electrode, and the sense-hi terminal was connected to the voltage probe nearest to the drain electrode. The force-lo terminal of channel B was connected to the source electrode, and the sense-lo terminal was connected to the voltage probe nearest to the source electrode. The force-hi terminal on channel A was connected to the Ag/AgCl pellet, and the force-lo terminal was shorted to the sense-lo terminal of channel B. For 2-wire measurements, the force-hi terminal of channel B was connected to the drain electrode, and the force-lo terminal was connected to the source electrode. The force-hi terminal of channel A was connected to the Ag/AgCl pellet, and the force-lo terminal was shorted to the force-lo terminal of channel B. The output and transfer curves for the p(g2T-TT)-based OECT (Figures 1d,  2d , and 3b) were made using a Keysight B2962 source meter unit. The 4-wire and 2-wire connections for these measurements were the same as those used for the PEDOT:PSSbased OECT.
The contact resistance measurements for the PEDOT:PSS-based OECT were made using a National Instruments PXIe-4145 source meter unit synchronized with a National Instruments PXI 6289 DAQ system. The force-hi terminal of channel 1 of the 4145 was connected to the drain electrode, and the force-lo terminal was connected to the source electrode. The positive voltage output of the 6289 was connected to the Ag/AgCl pellet, and common voltage output was shorted to the force-lo of channel 1 on the 4145. The force-hi terminal of channel 2 of the 4145 was connected to a voltage probe, and the force-lo terminal was shorted to channel 1 force-lo. Channel 1 of the 4145 was configured to source voltage and measure current. Channel 2 of the 4145 was configured to source 0 current and measure voltage. The DAQ was configured to source voltage, but did not measure current. Five measurements were made in total, and channel 2 of the 4145 was placed on a different voltage probe in each measurement. For the p(g2T-TT)-based OECT, the contact resistance measurements were made by using the Keithley tsplink system to synchronize a Keithley 2450 and a Keithley 2636A. Force-hi of channel A on the 2636 was connected to the Ag/AgCl pellet, and force-lo was connected to the source electrode. Force-hi of channel B was connected to the drain electrode, and force-lo was shorted to force-lo of channel A. Force-hi of the 2450 was connected to a voltage probe, and force-lo was shorted to force-lo of channel A on the 2636. Both channels of the 2636 sourced voltage and measured current. The 2450 sourced 0 current and measured voltage. Five total measurements were made, and for each, the 2450 was connected to a different voltage probe. In this way, the voltage at each position in the channel was measured.
